This paper examines determinants of under-five mortality in Bangladesh. The study utilizes the data extracted from the 2007 Bangladesh demographic and health survey. Chi-square test for independence and multivariate proportional hazard analysis reflects that father's education, place of residence, region of residence, number of children under five years of age, previous death of sibling, mother's age and breastfeeding have significant influence on under-five mortality. The proximate determinants are found to have stronger influence on under-five mortality than the socioeconomic factors considered in the study do.
Introduction
Under-five mortality, the probability of dying between birth and age 5 expressed per 1000 live births and a subject of great interest to social scientists and policy makers, are widely used as an indicator of the level of socioeconomic development and quality of life in less developed countries. Data indicate that some eleven million children under the age of five die annually in the world as a whole, of whom over ten million are in the developing world [1] . Bangladesh is a developing country in southeast Asia. Childhood mortality rates obtained for the five years preceding successive DHS surveys conducted in Bangladesh since 1993-1994 confirm a declining pattern. Between the periods 1990-1994 and 2003-2007 , underfive mortality declined by 51 percent from 133 deaths per 1000 live births to 65 deaths per 1000. One in fifteen children born in Bangladesh dies before reaching the fifth birthday.
Previous studies reveal that childhood mortality varies due to the variations of associated characteristics of the parents as well as children under five [2, 3] . Focusing on 28 developing countries mostly in Asia and Latin America, Hobcraft et al. [4] found that mother's and husband's education, their work status and their residence were more or less associated with child survival. Da Vanzo et al. [5] in Malaysia found a higher risk of death to children born to mothers below 18 and above 40 years of age. Short preceding birth interval influences child mortality through three mechanisms. First, closely spaced births cause depletion of the mother [6] . Second mechanism is through sibling competition and the third is transition of infectious diseases between the closely spaced children [7] . The first one is the biological and the other two are behavioral effects of short preceding birth interval [8] . This paper attempts to identify the factors which influence the under-five mortality in Bangladesh.
Data and Methods
The analysis presented in this paper uses data collected in the Bangladesh Demographic and Health Survey conducted from March to August 2007. The BDHS, 2007 data comprise a total of 6150 births that occurred 5 years preceding the survey. Multiple births are excluded because they experience a higher risk of death linked with their multiplicity, which could distort the results [9] . Births happening during the month of interview are also excluded because their disclosure to neonatal is censored. Therefore, this analysis is limited to singleton births, born 1 -59 months before the survey. To include the survival status of the older siblings of the analysis, only women are included who have at least two births. Table 1 presents the number and percentage of births included in this work for studying differentials and determinants of childhood mortality in Bangladesh. Finally, we have considered 4003 births, which are about 65 percent of sample for analyzing child mortality.
The study develops a framework in which the socioeconomic variables affect the outcome through the four The methodologies used to evaluate factors associated with childhood mortality include a variety of generalized linear models. For example, probability or rates models have been proposed by Hobcraft et al. [4] , conditional logit models by Da Vanza and Habicht [10] ; and proportional hazard models by Martin et al. [11] ; and Retherford et al. [12] .
Proportional hazard models are most commonly used and also more preferable to other statistical models in demographic studies [13] . For example, life table has been developed to study the probability of dying at various ages according to a specific criterion, such as education, sex, residence and so on. By contrast with logistic models, life tables can be used when the dependent variable is expressed as the elapsed between an initial event, such as birth, and a final event, such as death. Another advantage of life tables is that censored observations can be included in the study. When more than one or two factors are believed to influence the waiting time under study, however, life tables cannot be used effectively. This is so because life table techniques require that a separate set of age-specific mortality rates be calculated for each category. This procedure limits the number of covariates since the sample size becomes smaller and smaller as the number of subgroups increase. In such situations, hazard models are more appropriate technique over logistic regression model and life tables.
Considering its relevance the present study has employed Cox's proportional hazard model to assess the effects of selected variables on mortality rates. In this study, age in completed months of index children is considered as dependent variable. Age of dead children is calculated by subtracting date of birth of children from the date of death whereas; age of survived children is computed by subtracting date of birth from date of interview. Numbers of children who are surviving at the time of interview are considered as censored cases because their true duration of surviving could not be followed till death as the survey is retrospective.
Results and Discussion
Independent variables under different broad heads are tested by chi-square to study the association with neonatal mortality. Except religion of the respondents, sex of child and body mass index of mothers, all other variables have shown significant association with under-five mortality. To examine the effect of explanatory variables on under-five deaths, five models are fitted to the data considering all the explanatory variables found significant in bivariate analysis. The findings are presented in the Table 2. The results of Model-1 show that babies born to mothers with secondary and above education have lower risk of under-five mortality relative to mothers with no education. The hazard of under-five mortality of higher educated mothers is 46 percent lower than those of illiterate mothers. These results are in positive direction with the earlier studies, which show that no educated mothers experience more childhood mortality than educated mothers [14, 15] . There are several explanations can be made where maternal education influences child mortality. More educated women adopt simple health knowledge contrary to fatalistic acceptance of health outcomes; they adopt alternatives in child care and recent treatments. Educated women are more capable of handling the possible causes, which can affect child health. Communication with doctors and nurses should be easier for educated women. Table 2 further shows that in Model-1, children of fathers with primary and secondary and higher education have 4 percent and 42 percent lower risks of under-five deaths respectively compared to children of illiterate fathers. Father's education with secondary and above education has a strong significant negative effect on underfive deaths. Findings thus suggest that with the increasing level of father's education, there is a clear significant evidence of decreasing under-five mortality in Bangla- desh. This finding is in accordance with the results of other study. As for example, McDonald [16] found that attainment of secondary education by father was almost strongly associated with lower childhood mortality in Indonesia. Socioeconomic status of the respondents shows an insignificant effect on under-five mortality. However, babies born to mothers with higher and medium socioeconomic strata are more likely to survive compared to mothers belong to lower socioeconomic stratum. A significant difference in under-five mortality is observed by place of residence of the respondents. The hazard analysis shows significantly higher under-five mortality for babies born to residents of rural areas compared to the babies born in urban areas. It shows that the hazard of under-five mortality for children of rural areas is almost 66 percent higher than the children born and brought up in urban areas.
This result supports the earlier findings, which show that rural mortality in developing countries has been higher than urban mortality [17] [18] [19] [20] . The probable causes of higher under-mortality may be poor standard of living, weak access to public health sectors, delivery in unhygienic conditions and lower age at first marriage among women particularly in the rural areas. The results obtaining from Model-1 also show that children living in Sylhet division have significantly higher under-five mortality compared to children living in Barisal division. Babies of mothers who are residing in Sylhet division have about 66 percent higher risk compared to babies of Barisal division. Children who are from Chittagong, Dhaka, Khulna and Rajshahi have 16, 40, 48 and 14 percent lower risk of under-five mortality respectively relative to children of Barisal division. Although the regional variations of under-five mortality are found pronounced in Bangladesh, the significant differences have been observed only in Dhaka, Khulna and Sylhet divisions.
Model-2 is constructed after the inclusion of environmental factors with socioeconomic factors. It is observed from the model that the difference of under-five mortality in Khulna division has been disappeared. However, residence in Dhaka and Sylhet division still has a significant effect on under-five mortality. Moreover, father's education and place of residence also hold their position in the same magnitude in Model-2. It is expected that tube well or piped water is much better than the river or pond water because pond or river water account for water born disease like diarrhea and cholera, which are harmful for child health. The results of this study confirm such an assumption. The hazard analysis in the Model-2 reveals that babies whose families use drinking water from tube well or public tap or pipe have lower risk of under-five mortality relative to families depending on pond or river water. However, sources of drinking water show an insignificant effect on under-five deaths.
Improved toilet facilities in the household provide better hygiene. If not properly disposed of, human waste may result in contamination of food and water leading to acute diseases such as cholera. It is assumed that many of the deaths from infectious and parasitic diseases could have been averted by provision of proper sanitation. The hazard analysis shows that babies born to mothers living in households without any toilet facility have significantly higher under-five mortality than babies born to mothers living in households with a flush facility. Table  2 shows that the risk of under-five mortality is about 62 percent higher for children living in household without any toilet facility compared to the children living in houses with flush facilities.
It is hypothesized that houses built by baked brick (cemented) may be better hygienic than houses built by other materials. The results of Model-2 show that babies born to mothers living in houses constructed with tin and other ordinary materials, such as mud/bamboo have 2.43 and 1.89 times more likely to have under-five deaths respectively compared to children of mothers living in houses built by baked bricks. Houses constructed by tin have shown positive significant effect on under-five mortality.
In Model-3 when a bulk of demographic variables are added to socioeconomic and environmental variables, it is observed that father's education, place of residence, and houses constructed by tin still maintain their significance on under-five mortality. However, the significance of region of residence is disappeared after inclusion of all other socioeconomic, environmental, and demographic variables in the model.
The results of Model-3 show that the presence of preceding birth interval has a significant effect on under-five mortality. The mortality risk of babies born within the interval of 25 -48 months of a previous child is about 60 percent lower than the babies born within interval of two years and the difference is found highly statistically significant. Babies born within the interval of 49 and more months also have about 36 percent lower risk of underfive mortality than the babies born within 24 months of a preceding child. The findings indicate that the risk of under-five mortality decreases with increasing length of the preceding birth interval. The findings are in accordance with previous research works [5, 6, [21] [22] [23] . A short birth interval may imply that the mother has not had sufficient time to regain her physiological capacities or her nutritional status. It may deteriorate of the mother's capacities to adequately host a foetus and facilitate its normal growth process. These conditions can result in the early termination of a pregnancy, a premature live birth, and low weight at birth. The conditions of prematurity and low birth weight lead to a higher risk of death. Another adverse consequence of a short previous birth interval is the likely impairment of the mother's capacity to produce breast milk. This may be as an outcome of either nutritional depletion or physiological weakness, resulted from too closely spaced pregnancies.
The multivariate hazard analysis also shows that babies whose birth orders are of 3 -4, and 5 and above have higher risk of under-five mortality than babies whose birth orders are 2. One of the main reasons of higher risk of under-five mortality may be siblings' competition for enjoying family resources among themselves. The children of higher birth order are more likely to be born to older mothers who are physically worn out and these children face competition from older siblings for food and other resources [24] . The distribution of household resources depends on the number of children in the household. Hence, a large number of children indicate a smaller share of scare resources. Lack of adequate resources to meet the nutritional requirements of growing children may result in under-nutrition. This relationship between higher birth order and stunting was also found to be positive among children in the Philippines [25] . However, in this study the differences of under-five mortality by birth order are not found statistically significant.
Number of children under five years of age of women has strong effect on under-five mortality. Babies born to mothers who have two or more than two children underfive years of age have 2.41 times higher chances of underfive mortality compared to babies of mothers who have only one child of less than five years of old. The relative risk of under-five mortality for children born to mothers aged 25 -34 is 36 percent lower than the babies born to mothers of age less than 20 years and the difference is found significant. Children of mothers whose age between 35 and 49 years have about 20 percent lower risk of under-five mortality compared to babies of mothers aged 15 -19 . The findings indicate that babies of rela-tively youngest mothers have highest under-five mortality.
The results in Model-3 also show that risk of underfive mortality for index children is 1.91 times higher for those whose mothers have already lost previous sibling than those who did not experience a sibling death earlier and the difference is highly statistically significant. Siblings' deaths tend to be correlated due to the same risks associated with the home environment and with their mother's health and reproductive behavior [9, 26] .
Model-4 is fitted while including health care factors with socioeconomic, demographic and environmental factors in Model-3. The results of Model-4 show that father's education with secondary and higher, rural residence, preceding birth interval, number of children under five years of age, previous death of siblings are still maintain their significant effect on under-five mortality. In addition, babies of mothers who are living in Chittagong and Dhaka divisions have also shown significant effect on under-five mortality.
The results of Model-4 further show that contraceptive use is found one of the important significant predictors in reducing under-five mortality. Children of mothers who have ever used contraceptives have about 45 percent lower likelihood of under-five mortality compared to babies of mothers who never used any method. One of the important possible reasons for lower under-five mortality may be the longer birth intervals among the users.
The result of hazard analysis shows that prenatal care is negatively associated with under-five mortality. Children born to mothers who visit for prenatal care have lower under-five mortality than children born to mothers who do not visit for the same. However, the difference is not found statistically significant. It is often assumed that delivery in hospital is relatively safe for both mother as well as their children. The results of Model-4 show that babies delivered at hospitals have 9 percent lower risk of under-five mortality compared to the babies delivered at mother's home, which is in agreement with the predetermined assumption.
Among the factors, tetanus vaccine is an important for both mothers and infants. Findings in Table 2 reveal that children born to mothers who received tetanus injection before birth have about 7 percent lower risk of under-five mortality than children whose mothers did not receive tetanus. However, tetanus has not found any significant effect on under-five mortality.
Model-5 is fitted to the data including nutritional factors with socioeconomic, demographic, environmental and health care factors. Breastfeeding is often considered as an important determinant of infant and child mortality in developing countries. The hazard analysis of this study shows that breastfeeding has a strong significant effect on under-five mortality. The relative risk of under-five mortality is 75 percent lower of those children whose mother have breastfed their children compared to children whose mothers did not provide breastfeed. The result is in expected direction with findings obtained elsewhere. Huffman and Lamphere [27] stated that the child survival depends upon adequate nutrient intake and the ability of a child to resist or recover from infection. It has been found that breastfeeding appears to meet the nutritional requirements for the normal growth of a post neonatal for at least six months [28] . Consumed in sufficient quantities, breast milk can provide protection against malnutrition syndromes. Breastfeeding is also related to intervals between births because it affects birth spacing by lengthening postpartum amenorrhea period and by influencing the time from menses to conception [29] .
Conclusion
To examine the effect of independent variables which are found significant in chi-square test for independence on childhood mortality in Bangladesh, the multivariate proportional hazards analysis is employed. To assess the independent effect of socioeconomic factors and interaction effect of all factors, separate models are fitted to the data accordingly. The proportional hazard estimates show that father's education, place of residence, region of residence, number of children under five years of age, previous death of sibling, mother's age and breastfeeding have significant effect on under-five mortality. Moreover, contraceptive use and preceding birth interval have highly significant effect on childhood mortality. The findings of this analysis do not fully support the hypothesis that socioeconomic factors affect childhood mortality only through the proximate determinants as proposed in the framework. However, it has been observed that socioeconomic factors have both their independent and indirect effect in reducing childhood mortality in Bangladesh. Furthermore, the results show that the proximate determinants have stronger impact on childhood mortality than that of the socioeconomic factors. Therefore, it may be concluded from the findings of all models that increasing paternal care, providing more civic facilities in vast rural areas, motivating the couples for using modern contraceptive methods for longer birth intervals and also persuading mothers for full breastfeeding practices could reduce childhood mortality in Bangladesh.
